Summary.
The ultrastructure of granulopoiesis in the head-kidney of the sea bass (Dicentrarchus labrax L.), an euryhaline seawater teleost, was studied. The heterophilic, acidophilic and basophilic series consisting of promyelocyte, myelocyte, metamyelocyte and mature granulocyte stages are described. The granulopoietic pattern was similar to those of higher vertebrates but dissimilar to those of some other fish, suggesting that the vertebrate granulopoietic scheme was probably conserved during the evolution of at least some teleost species. Very scarce presumptive blast cells were present. The heterophilic series showed three types of granules that might correspond to nucleated, azurophil and specific granules which have been described in neutrophils from mammals and human bone marrow. Neither a crystalloid nor a dense core was found in the granules of acidophilic granulocytes, where an occasional light zone could be seen. The scarce cells of the basophilic series showed similar characteristics to those described in other fish species.
Unlike the well understood haemopoiesis of mammals, the origin of the different blood cell types in fish is still undetermined (FANGE,1968; SMITH et al., 1970; SAVAGE, 1983; ZAPATA, 1983; FANGE, 1986; ZUASTI and FERRER, 1988) . The scanty information available on leukocytes of bony fishes is mainly based on a few species of cyprinids (BIELEK, 1981; CENINI, 1984) and salmonids (BLAXHALL and DAISLEY, 1973; BARBER and WESTERMANN 1978, 1981) .
The basic haematological pattern of vertebrates is probably conserved in fish, although some significant differences have been detected (SAVAGE, 1983; ROMESTAND and TRILLES, 1984; ROWLEY et al., 1988) . The nomenclature and classification of teleost leukocytes needs to be clarified. Furthermore, the morphofunctional significance of teleost blood cells is not well understood (SMITH, 1968; SMITH et al., 1970; HYDER et al., 1983; FANGE, 1986; ZUASTI and FERRER, 1988) . According to ROWLEY et al. (1988) , studies on the ontogenetic development of fish leukocytes, particularly in fish of evolutionary and/or economic importance, are needed.
The aim of this study is to establish the ultrastructural characteristics and some morphofunctional aspects of head-kidney granulopoietic cells of the sea bass (Dicentrarchus labrax L.) in which erythropoiesis and thrombopoiesis have previously been studied (ESTEBAN et al., 1989) . The results obtained are compared with those for other fish species and certain other vertebrates.
MATERIALS AND METHODS
Twelve specimens of sea bass (Dicentrarchus labrax L.) (about 150 g in body weight and 20-30 cm in length) were obtained during spring and winter from the Mar Menor, Murcia (Spain), and kept in running seawater aquaria at 1TC with a natural photoperiod. The specimens were anaesthetized with MS222 (Sandoz).
Samples of the head-kidney were fixed for 5 h at 4C, in 4% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2-7.4), postfixed in 1% 0504 and embedded in Epon. Sections were obtained with a Reichert Jung Ultramicrotome, stained with uranyl acetate and lead citrate, and examined with a Zeiss EM 10C electron microscope.
RESULTS
In the head-kidney of the sea bass (Dicentrarchus labrax), granulopoiesis consisted of heterophilic, acidophilic and basophilic series. Promyelocyte, myelocyte, metamyelocyte and mature granulocyte stages were identified. Granulopoietic stages were established according to the nuclear features and type and density of cytoplasmic granules. Only a few undifferentiated presumptive blast cells (myeloblasts) were identified by their large, euchromatinic nucleus with one or two nucleoli and light cytoplasm that contained numerous free ribosomes (Fig. 1 ).
Heterophils
The heterophilic promyelocyte (Fig. 2a ) was characterized by the oval or slightly indented nucleus with scanty heterochromatin and an eccentric nucleolus. In the cytoplasm, elongated or round mitochondria, numerous flattened cisternae of rough endoplasmic reticulum and abundant free ribosomes were present. Early promyelocytes showed scarce oval or round, membrane-bounded granules (Gl) containing a homogeneous granular or fibrous material of medium electron density (Fig. 2f) . Late promyelocytes contained stacks of rough endoplasmic cisternae, fewer free ribosomes and more numerous cytoplasmic granules. The heterophilic myelocyte (Fig. 2b) had an irregular outline and indented nucleus which showed abundant heterochromatin.
These cells sometimes appeared in division (Fig. 2c) . Scarce, flattened cisternae of rough endoplasmic reticulum and some round mitochondria were also present. A new type of granule (G2), related to the prominent Golgi apparatus, was seen (Fig. 2b, f) . The fusiform membrane-bounded granules were more electron-dense than those found in the promyelocyte stage. Occasionally, very large G2 granules were present. The heterophilic metamyelocytes (Fig. 2d) contained a lobed or deeply indented heterochromatinic nucleus, free ribosomes, occasional mitochondria, a juxtanuclear Golgi apparatus and G1 and G2 granules. The mature heterophilic granulocytes (Fig. 2e) showed an irregular outline and contained an eccentric lobed nucleus with peripheral heterochromatin.
In the cytoplasm, free ribosomes, small round mitochondria, a well-developed Golgi apparatus and small amounts of 8-glycogen granules were present. A new population of small membrane-bounded electron-dense granules (G3) was found next to Gl and G2 granules (Fig. 2e, f ).
Acidophils
The acidophilic promyelocytes (Fig. 3a , b) were round, with an eccentric, indented nucleus which contained a rim of heterochromatin and a nucleolus. Flattened cisternae of rough endoplasmic reticulum, scattered ribosomes, 3-glycogen particles and occasional mitochondria were found. Round granules, larger than those seen in heterophilic series and filled by a granular or fibrillar material, were found. The acidophilic myelocytes ( Fig. 3c) were characterized by the deeply indented nucleus and a second type of granule which had a homogeneous dense content. Scattered mitochondria and a well-developed Golgi apparatus were also seen. The acidophilic metamyelocytes (Fig. 3d) showed an eccentric heterochromatinic nucleus, a juxtanuclear, well-developed Golgi apparatus and both granule types.
The mature acidophilic 
Basophils
The basophilic promyelocytes (Fig. 4a) were large round cells with an eccentric oval nucleus and a nucleolus. The cytoplasm contained flat cisternae of rough endoplasmic reticulum, numerous free ribosomes, mitochondria and a population of small, round granules (Ga) containing a granular material. The basophilic myelocytes (Fig. 4b) were large, round cells with an eccentric euchromatinic nucleus and a large nucleolus. In the cytoplasm, numerous free ribosomes and-next to the Ga granules-a second population of large, dense round granules (Gb) related to a prominent Golgi apparatus were present. The granules contained a homogeneous electron-dense material. The basophilic metamyelocytes (Fig. 4c) showed a nucleus irregularly outlined. The cytoplasm showed some mitochondria, a well-developed Golgi apparatus and numerous Ga and Gb granules. The very scarce mature basophilic granulocytes (Fig. 4d) presented an irregularly outlined nucleus and numerous round cytoplasmic granules filled by a material of varying electron densities.
DISCUSSION
Heterophilic, acidophilic and basophilic series consisting of promyelocyte, myelocyte, metamyelocyte and mature granulocyte stages have been identified in the head-kidney of the sea bass, where erythropoietic and thrombopoietic cells have previously been described (ESTEBAN et al., 1989) .
General agreement exists concerning the presence in fish of heterophilic, acidophilic and basophilic series (FEY, 1966; ZAPATA, 1979; FANGS, 1986) although more than three granulocyte types have been described (MoRRow and PULSFORD, 1980; MAIN-WARING and ROWLEY, 1985a, b; PARISH et al., 1985 PARISH et al., , 1986 and one or two granulopoietic series have frequently been found (BARBER and WESTERMANN, 1981; HYDER et al., 1983; SAVAGE, 1983; HIGHTOWER et al., 1984; HoFTE et al., 1984; BAYNE, 1986) .
Ultrastructural descriptions of granulopoietic stages in fish are scarce, their nomenclature and characterization being unclear (FEY, 1966; ZAPATA, 1979; MORROW and PULSFORD, 1980; SAVAGE, 1983; BAYNE, 1986; ZUASTI and FERRER, 1988) . The current nomenclature comes from "classical" haematological studies (JORDAN and SPEIDEL, 1924; DUTHIE, 1939; CATTON,1951) , so that a careful correlation between the nomenclature used in our results and that found in the literature has been necessary. Granulopoietic stages have been characterized by the size, structure and staining properties of the cells in some teleosts species (BIELEK, 1981) , whilst some morphological similarities between mature and immature cells have been considered in others (SAVAGE, 1983; ZUASTI and FERRER, 1988) . We name promyelocytes the first cell type with granules, whereas a new granule population characterizes the myelocytes. Metamyelocytes and mature granulocytes are established according to granule density, the number of nuclear lobes, and the presence of a third granule population, as was established for vertebrates (BAINTON and FARQUHAR, 1966; ACKERMAN, 1968; CAMPBELL, 1969 CAMPBELL, , 1970 BRETON-GORIUS and REYES, 1976; CURTIS et al., 1979; BREDEROO et al., 1983; MESEGUER et al., 1985) .
Some authors have reported on the granulocyte function in the non-specific defenses of fish (RoWLEY et al., 1988) . Fish heterophilic granulocytes have been described as active ameboid and phagocytic cells (WEINREB, 1963; MORROW and PULSFORD, 1980; HYDER et al., 1983) ; the influence of stress on the number of circulating heterophils has also been observed (PETERS and SCHWARZER, 1985) . Likewise, the degranulation during the inflamatory response and the ameboid capability of fish acidophils have also been considered (GARDNER and YEVICH,1969; LESTER and DESSER, 1975; BARBER and WESTERMANN, 1981; HYDER et al., 1983) . However, the roles of fish granulocytes, mainly acidophils and basophils, remain unresolved and "what is unclear is the functional heterogeneity in fish where several morphologically distinct granulocyte types are present" (RoWLEY et al., 1988) . Granulopoiesis, such as we observed in the sea bass head-kidney, shows an ultrastructural pattern similar to that described in mammals but different from that found in some fish. Most probably the granulopoietic pattern in vertebrates has been conserved during the evolution of at least some fish species, although further morphofunctional studies are required to determine the homology between fish and other vertebrate granulocytes.
Blast cells
It has been suggested that the earlier granulopoietic elements in fish are common to the heterophilic, acidophilic and basophilic series (BOOMKER, 1981; FANGE, 1986) . In the sea bass head-kidney, very scarce presumptive blast cells, probably corresponding to pluripotential or limited potential stem cells, can be identified. They show ultrastructural features similar to those in other fish (ZAPATA, 1979; FANGS, 1986) . Early myeloblasts and proerythroblasts are hardly distinguishable, as the earlier blood cells show similar morphology (FANGE, 1986) . However, the peripheral band of microtubules which characterize the proerythroblasts (ESTEBAN et al., 1989) were not found in the early myeloblasts.
Heterophils
Heterophil (ZAPATA, 1979; CANNON et al., 1980; RoNCERO et al., 1988; ZUASTI and FERRER, 1988) , neutrophil (WEINREB, 1963; HINES and SPIRA, 1973; LESTER and DESSER, 1975; FERGUSON,1976; SAVAGE, 1983) and polymorphonuclear (PMN) leukocytes (DAVIES and HAYNES, 1975; KREMENTZ and CHAP -MAN, 1975 ) designate the same cell type. However, in the peripheral blood of carp both heterophil and neutrophil cells are described (HOFTE et al., 1984) . Only one promyelocyte type for the heterophilic, Granulopoiesis in the Head-kidney of the Sea Bass 293 acidophilic and basophilic series has been reported in fish (SAVAGE, 1983; ZUASTI and FERRER, 1988) although in the sea bass head-kidney we have found heterophilic, acidophilic and basophilic promyelocytes showing different ultrastructural features. The sea bass heterophilic promyelocytes are similar to those in other teleosts (ZAPATA, 1979; SAVAGE, 1983) . They show granules with homogeneous or fibrillar content, similar to the three granule types present in Gobio gobio (ZAPATA, 1979) and the two types present in Esox lucio (SAVAGE, 1983) and to those described in other vertebrates (MILLER et al., 1966; ACKERMAN, 1968; BREDEROO et al., 1983 BREDEROO et al., , 1986 MESEGUER et al., 1985) . These different granule types could correspond to various maturation stages of the same granule type (ZAPATA, 1979; SAVAGE, 1983) .
The ultrastructural features of heterophilic myelocytes have only been reported in a few teleost species (ZAPATA, 1979; BIELEK, 1981; SAVAGE, 1983; ZUASTI and FERRER, 1988) , being noticeable by the rough endoplasmic reticulum and the electron-dense granules with crystalline needles (ZAPATA, 1979; BIELEK, 1980 BIELEK, , 1981 . The sea bass heterophilic myelocytes show scarce, flat rough endoplasmic reticulum cisternae and a well-developed Golgi apparatus related to other granules without crystalline needles, more electron-dense than those in heterophilic promyelocytes.
Heterophilic metamyelocytes in the sea bass show a lobed or slightly indented nucleus and numerous granules of different structure and size as in Tinca tinca (RONCERO et al., 1988) , Rutilus rutilus and Gobio gobio (ZAPATA, 1979) metamyelocytes.
In the sea bass head-kidney mature heterophilic granulocytes were the most frequent granular leukocytes, as reported in some teleosts (ELLIS, 1977) , although mature acidophilic granulocytes were the most numerous in others (BIELEK, 1981; CENINI, 1984) . Sea bass mature heterophilic granulocytes display a similar ultrastructure to that found in heterophilic granulocytes of other teleosts (CANNON et al., 1980; SAVAGE, 1983) , in type I granulocytes of Carassius auratus (DAVIES and HAYNES, 1975) and in type III granulocytes of Scyliorhinus canicula (MORROW and PULSFORD, 1980) . In the sea bass, the heterochromatinic nucleus of heterophilic granulocytes shows two or three lobes as occur in those of salmonids (BIELEK, 1981) , whilst a round or slightly indented nucleus was present in cyprinids (BIELEK, 1981) and Sparus auratus (ZUASTI and FERRER, 1988) . Moreover, three granule types are here observed, whilst only one or two granule types have been found in other teleosts (DAVIES and HAYNES, 1975; LESTER and DESSER, 1975; FERGUSON, 1976; CANNON et al., 1980; MORROW and PULSFORD, 1980; BIELEK, 1980 BIELEK, , 1981 CENINI, 1984; ZUASTI and FERRER, 1988) .
The heterogeneity, ultrastructure and cytochemical features of the granules of teleost mature heterophilic leukocytes have been a matter of debate (BIELEK, 1981; CENINI, 1984; ROWLEY et al., 1988) . The granules of sea bass heterophilic granulocytes show an ultrastructural pattern quite similar to those in mammals. The three types of granules observed might correspond to nucleated, azurophil and specific granules of mammal and human bone marrow neutrophils (BREDEROO et al., 1983 (BREDEROO et al., , 1986 .
Glycogen is either absent (WEINREB, 1963; FER-GUSON,1976; ZAPATA, 1979; ZUASTI and FERRER 1988) or present (DAVIES and HAYNES, 1975; MORROW and PULSFORD, 1980; CANNON et al., 1980; BARBER and WESTERMANN, 1981; SAVAGE, 1983) in fish heterophils. The sea bass mature heterophils contained both numerous free ribosomes and a few fl-glycogen particles, which conferred a granular appearance on them.
Acidophils
In the sea bass, the head-kidney acidophilic series consists of promyelocyte, myelocyte, metamyelocyte and mature granulocyte stages. These stages show ultrastructural features quite similar to those found in the heterophilic series but differing as regards granular characteristics. Acidophilic granulocytes may be present or absent in fish peripheral blood (CATTON, 1951; WATSON et al., 1963; SAUNDERS, 1966; SHERBURNE, 1974; ELLIS, 1977) , the mature acidophils being the least frequent (LESTER and DESSER, 1975) and the only granulocyte type in the circulating blood of Fundulus heteroclitus, Fundulus mayalis and Cyprinodon variegatus (GARDNER and YEVICH, 1969) . Two types of acidophilic granulocytes have been observed in some fish (FANGE, 1968; MORROW and PULSFORD, 1980) . Futhermore, numerous mature acidophils are present in the inflammatory response (JAKOWSKA, 1956; GARDNER and YEVICH, 1969; LES-TER and DESSER, 1975; LESTER and DANIELS, 1976) .
Sea bass acidophilic promyelocytes contain granules which are also found in acidophilic myelocytes where a second granule population is present. Both granule types show a granular or fibrillar content, whilst homogeneously dense granules were found in myelocytes of Sparus auratus (ZUASTI and FERRER, 1988) .
In the sea bass head-kidney, scarce mature eosinophilic granulocytes with granules larger than those present in other fish are found (CLAWSON et al., 1966; KELENYI and NEMETH, 1969; LESTER and DESSER, 1975; DAVIES and HAYNES, 1975) . Crystalloids have been observed in the eosinophilic granules of the goldfish (WEINREB, 1963) , carp (SMITH et al., 1970) and nurse shark (HYDER et al., 1983 ) and a homogeneous electron-dense core in tench (KELENYI and NEMETH, 1969) and Sparus auratus (ZUASTI and FERRER 1988) . However, neither a crystalloid nor a dense core is observed in the sea bass. Eosinophilic granules without inclusions have also been described in goldfish (DAVIES and HAYNES, 1975) , paddle fish (CLAwSON et al., 1966) and Catostomus commersoni (LESTER and DESSER, 1975) .
Basophils
Basophilic leukocytes have not been described for some fish species (WEINBERG et al., 1972; SHERBURNE, 1974; MURRAY, 1984) , although observed in others (JAKOWSKA, 1956; WEINREB, 1963; SAUNDERS, 1966; FEY, 1966; ELLIS, 1977; ROMESTAND and TRILLES, 1984; TEMMINK and BAYNE, 1987; ZUASTI and FER-RER,1988) . They have been named "blood mast cells" and functionally equated to mast cells (MICHELS, 1938) . The basophilic granulocytes have been considered in some studies to include certain other basophilic cell types (BARBER and WESTERMANN, 1975) . Scarce basophilic promyelocytes, myelocytes, metamyelocytes and mature basophilic granulocytes are identified in the sea bass head-kidney. The basophilic myelocytes show a similar ultrastructure to those in Rutilus rutilus and Gobio gobio, in which they were the only basophilic stage identified (ZAPATA, 1979) . Sea bass basophilic metamyelocytes contain large round granules with a homogeneous electrondense material similar to those in basophilic metamyelocytes of Catostomus commersoni (LESTER and DESSER, 1975) . Medium electron-dense granules similar to those found in lower vertebrates are also seen (DAVIES and HAYNES, 1975; SURBIS, 1978 , BIELEK, 1981 MESEGUER et al., 1985) . Scarce mature basophilic granulocytes were found in the sea bass, where numerous basophils were previously reported at light microscopic level (ROMESTAND and TRILLES, 1984) . These cells are similar to those described in other fish (WEINREB, 1963; LESTER and DESSER, 1975; BIELEK, 1981) .
